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Abstract: The article presents the following issues related to real options: characteri-
stics and classification of options, pricing models and analysis of the applicability of 
real options in the assessment of the company’s pro-ecological investments. The concept 
of real options analysis is an innovative mainstream methodology of creating a mul-
ti-stage decision-making model to facilitate the action related to the strategic imple-
mentation of investment activities. The real options analysis method is alternative and 
complement to traditional methods of evaluation of investment projects. 
The purpose of this article is to present the applicability of real options in the asses-
sment of the company’s pro-ecological investments.
Opcje realne w ocenie proekologicznych inwestycji przedsiębiorstwa
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Klasyfikacja J E L: Q01, G11.
Abstrakt: W artykule przedstawiono zagadnienia związane z opcjami realnymi: cha-
rakterystykę i podział opcji, modele wyceny oraz analizę możliwości zastosowania 
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opcji realnych w ocenie proekologicznych inwestycji przedsiębiorstwa. Koncepcja ana-
lizy opcji realnych jest innowacyjnym nurtem metodycznym, polegającym na stworze-
niu wieloetapowego modelu decyzyjnego ułatwiającego podjęcie działań związanych 
ze strategicznym wdrażaniem działań inwestycyjnych. Metoda analizy opcji realnych 
jest alternatywą i uzupełnieniem dla tradycyjnych metod oceny projektów inwesty-
cyjnych. 
Celem artykułu jest przedstawienie możliwości zastosowania opcji realnych w oce-
nie proekologicznych inwestycji przedsiębiorstwa.
Translated by Ewa Dziawgo
 Introduction 
Environmental degradation, which arises out of unreasonable and improper 
management of renewable and non-renewable resources is a global problem 
of modern civilization. Environmental degradation results in higher operating 
costs of society and constitutes a threat to the further existence of man. Solving 
environmental problems requires international cooperation. The policy of the 
European Union lays much emphasis on the issues related to the implementa-
tion of the main objective of balanced and sustainable development, which is 
striving to improve the quality of life for present and future generations by ta-
king all measures affecting the economic and social development harmonized 
with the rational use, mobility and protection of the natural environment. The 
implementation of the concept of eco-development is facilitated by the already 
developed economic and legal instruments of the state’s environmental policy 
that forces the modern enterprise to adapt to environmental requirements. In 
the case of undertaking strategic investment activities, the company must also 
take into account the environmental aspect of its projects undertaken.
The concept of real options analysis can be an alternative and complement 
to traditional methods of evaluation of investment projects implemented by 
the company. Due to their flexibility, options can facilitate the management 
company to take environmental decisions related to business activities.
This article is also intended to present different types of real options, the 
use of which may significantly facilitate the pro-ecological management of the 
enterprise value.
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The research methodology and the course of the research process
Pro-ecological investments are characterized by high flexibility. Hence, in 
the case of pro-environmental projects there is a need to price this flexibility, 
which significantly increases the economic value of the investment.
The following were realized within the article:
 ■ analysis of the properties of real options in terms of their applicability in 
the evaluation of pro-environmental projects,
 ■ based on the identified flexibility inherent in the pro-ecological projects 
particular categories of real options were assigned to selected pro-eco-
logical investments, 
 ■ for selected types of real options the valuation models were indicated.
Pro-ecological strategies in the company’s activity 
Threats of environmental degradation, which arise out of business activities 
conducted are divided into global and local (Piontek 2002; Piontek, Piontek, 
Piontek 1997; Nahotko 2002; Płoska 2006; Ryszko 2007). The main global 
threats include the following: the greenhouse effect, ozone depletion, deser-
tification of land, uncontrolled deforestation, and water scarcity. In turn, local 
threats are pollution of the atmosphere, noise, increase in the size of the elec-
tromagnetic field, environmental disasters, pollution caused by solid and liqu-
id waste, chemical pollution, changes in the landscape. The negative effects of 
economic processes on the environment and the increase in the awareness of 
the need to counter the devastation of the environment have contributed to 
the development of economic and legal instruments of the state’s environmen-
tal policy. These instruments contribute to the implementation of investment 
projects realised by companies that consider environmental elements. The fol-
lowing legal instruments deserve special attention: regulations that oblige 
entities to consider the requirements of environmental protection, emission 
norms, the accepted principles of eco-development as a criterion of land-use, 
provisions governing the rules of the obtainment of a license for a specific acti-
vity, the rules governing the conduct of environmental impact assessment, the 
official list of hazardous waste. In turn, the main economic instruments of the 
state’s environmental policy include ecological charges, environmental fines, 
product charges, subsidies, emissions trading.
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Pro-ecological investment made by companies are investments in green 
technologies and in management, in which the rules are complied with envi-
ronmental protection. Taking into account the aspects of the idea of environ-
mental protection is reflected in numerous spheres of business. In particular, 
the pro-ecological activities of companies include the following:
 ■ developing and implementing designs of new products, which in compa-
rison with conventional products have a favourable impact on the envi-
ronment,
 ■ analysing the impact of the product and its manufacturing process on 
the environment,
 ■ modifications of an existing product, the result of which is the achieve-
ment of a higher quality of this product while minimizing the negative 
impact of the manufacturing process on the environment,
 ■ developing and introducing new technologies that reduce the consump-
tion of raw materials and energy, and minimize the amount of waste,
 ■ consideration of recycled materials in the product and its packaging,
 ■ minimizing the size of the packaging,
 ■ conducting and sponsoring scientific research in the field of introducing 
new products and improving manufacturing processes taking into acco-
unt environmental priorities,
 ■ ensuring safe transport and proper storage of hazardous substances,
 ■ sponsoring environmental programs and actions.
In the process of adapting companies to the requirements of and regulations 
on environmental protection an increasing public awareness of environmental 
protection is essential. There is a favourable image of companies engaging in 
environmental protection and offering environmentally friendly products. En-
terprises involving in their processes economic ideas of eco-development reach 
a competitive advantage that comes from their standing out in the market en-
vironment. It is increasingly popular nowadays to analyse both good economic 
performance and undertaken pro-environmental activities while attracting in-
vestors. Changes in production technologies, whose aim is to improve the en-
vironmental parameters of the functioning of the enterprise, contribute to the 
creation of a competitive advantage resulting from the cost advantage. Intro-
duction of environment-friendly technology upgrades and innovation in the 
production process can affect the reduction of costs mainly through a more 
rational use of raw materials, reducing energy consumption, using for produc-
tion purposes recycled materials or materials utilized in a non-toxic and ener-
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gy saving way, reducing the amount of water used in the production process, 
reducing carbon dioxide emissions and solid waste, applying reusable trans-
port packaging, and through collecting used packaging.
Including the ecological modernization of production technology in eco-
nomic processes requires a strategic investment decisions. In the case of en-
vironmental projects, applying an analysis of real options, which are charac-
terized by their flexibility, can be an alternative or complement to traditional 
methods of evaluation of investment projects.
Properties of the real options
A real option is the right (but not the obligation) to perform certain actions 
with regard to the investment project in the case when new information (con-
ditions) appears (Amram, Kulatilaka 1999; Jajuga 2000; Ziarkowski 2004; Co-
peland, Anticarov 2001). Real options are characterized by flexibility which 
means that in the event of favourable market conditions the company takes 
specified actions, and, if there is an unfavourable situation for the company, 
then the company may resign from undertaking those actions. Real options 
have the following properties:
 ■ the option is exercised when it is favourable to the buyer,
 ■ increase of the risk associated with the project adds value to the option,
 ■ the payoff function is characterized by asymmetry,
 ■ there is a choice of alternatives,
 ■ the possible reaction of the decision-maker is activated when the para-
meters used in the measurement change.
The concept of real options is worth implementing in the evaluation of in-
vestment projects, which are related to the concerns about the launch date of 
the investment, extending the scale of the project (e.g., the expansion of the 
company into new markets, the development of production lines in traditional 
industries by offering additional products), deferring investments till the mo-
ment of the occurrence of more favourable market conditions, cancelling the 
project, introducing new technology, acquiring new strategic competencies, de-
veloping or limiting infrastructure.
The concept of real options pricing allows quantification of the flexibility in-
herent in the investment project. 
The value of real options is dependent on the following factors: the current 
value of the benefits of the investment project, investment layouts, the expiry 
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time of the investment project, the discount rate being the risk-free rate, vola-
tility of cash flows, the cash flows lost.
Real options due to their standard nature can be divided into:
 ■ call options (the right to buy certain assets) and put options (the right to 
sell certain assets),
 ■ European options (which can be exercised only on their maturity date) 
and (American options) (which can be exercised at any time during the 
period of their validity).
Taking into account undertaking additional activity and outlays within real 
options the following can be distinguished:
 ■ internal options that arise from the nature of the project and do not re-
quire additional activity and outlays,
 ■ created options, where additional outlays are required. Created options 
improve the company’s flexibility and its ability to adapt to changing 
market conditions. 
Real options in the company’s pro-ecological activity
Considering the specificity of real options, we can introduce the following clas-
sification of this type of options (Amram, Kulatilaka 1999; Brach 2002; Dziaw-
go 2009): 
 ■ options for a phased implementation of the project, 
 ■ diagnosis options, 
 ■ growth options, 
 ■ options for the flexibility of production means, 
 ■ options to expand, options to delay, 
 ■ exit options.
Options for a phased implementation of the project are characterized by be-
ing linked to a multi-stage investment, wherein each stage is dependent on the 
previous step. This type of option allows one to avoid the need of incurring all 
of the expenditures of the project. Implementation of ecological moderniza-
tion and innovation can then be recognized for certain stages of the produc-
tion process.
Diagnosis options are related to the possibility of a staged implementation 
of the investment. Based on the data collected in earlier phases of the project, 
decisions are made regarding further action. Examples of environmental pro-
jects considered within diagnosis options include:
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 ■ analyses of the impact of the product on the environment, which take 
into account all stages of the product’s life cycle,
 ■ minimizing packaging and its toxicity for the environment,
 ■ responsible and safe transportation and storage of hazardous substan-
ces and waste,
 ■ reducing or eliminating the use and storage of hazardous substances 
and waste.
Growth options allow the extension of the company's activities on the mar-
ket. A growth option is an option to buy and concerns investment projects 
whose initial outlay far exceed the benefits from the implementation of the pro-
ject. The company uses its resources and makes investments, which in the fu-
ture guarantees its expansion with new products and new technologies. With-
in growth options we can consider the following environmental projects:
 ■ launching onto the market new pro-ecological products,
 ■ implementing in the manufacturing process new technologies that use 
recycled materials in products, 
 ■ implementation of energy-saving technologies and technologies that re-
duce consumption of raw materials,
 ■ developing and introducing new technologies that minimize the amount 
of waste.
Options for the flexibility of production means allow you to choose produc-
tion methods and technologies depending on the type and price of raw ma-
terials, energy use, existing demand and statutory regulations. An option for 
the flexibility of production means has a portfolio consisting of call and put 
options. This option is particularly attractive when economic conditions are 
changing the market, where there is a risk of adverse price movements. Within 
an option for the flexibility of production means the following pro-ecological 
measures can be considered: reducing pollution at the source of their creation 
(change of raw materials, energy, and machinery used in the production pro-
cess), the use of recycled materials, reducing the consumption of raw materials 
and energy, the use of recycled materials.
Options to expand allow taking the company projects that rely on period-
ic reducing or stopping the action and re-running them, periodically increas-
ing (a call option) or reducing (a put option) the scale of production. The option 
to expand impacts the improvement of the efficiency of activities conducted. In 
some cases it is possible to adjust the scale of operations to the current mar-
ket conditions. Within the option to expand can be considered environmentally 
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friendly projects aimed at reducing the rate of exploitation of resources, taking 
into account the products made from recycled materials, reducing the consump-
tion of raw materials and energy, keeping waste segregation and recycling.
Options to delay allow you to select the moment when the investment is 
to be commenced. If the company faces unfavourable market circumstances, 
this option allows avoiding unprofitable investments and losses. However, the 
investment may become profitable, if it is realised at a later date, under mar-
ket conditions that are more favourable for the company. An option to delay is 
an American-style call option. An example of an option to delay is an invest-
ment made in the acquisition of land rich in natural resources. Prior to the com-
mencement of mining, it is often necessary to perform a series of additional ex-
aminations related to a better understanding of the content of the deposit, the 
results of which will affect taking professional decisions related to the involve-
ment of the appropriate production capacity. Under this option, you can analyse 
environmental projects aimed at reducing the amount of waste or increasing 
the level of recycling of waste generated.
Exit options allow you to withdraw from the project in the case when there 
are adverse market conditions for the company, or when adverse results of 
technical analysis are received. Exit options are put options. The exit option of-
ten occurs along with the growth option. Examples of environmental projects 
within exit options include the following: considering while buying the envi-
ronmental attributes of the offered goods, conducting research and develop-
ment activity in the area of sourcing recycled materials, conducting research in 
the area of attracting new sources of raw materials, participating in the trans-
fer of techniques and environmental technologies.
Pricing model of the real options
In pricing of real options the most frequently applied models include the Black-
-Scholes model (a continuous model) and the Cox-Ross-Rubinstein option pri-
cing model (a binomial model) (Amram, Kulatilaka 1999; Brach 2002; Copeland, 
Anticarov 2001; Trigeorgis 1999; Dziawgo 2003). The Black-Scholes model as-
sumes that the value of the underlying asset changes continuously. This model 
is used for European-style options. The value of a real call option derived from 
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other designations remain the same as in formula (1). 
It is assumed in the Cox-Ross-Rubinstein that the value of the underlying asset changes 
in a discrete manner, i.e., changes in the value of the underlying asset are abrupt. This 
model is used in the evaluation of options of both European and American.  
Using a binomial model, the value of a call real option (with N  moments of realization) is 
the following: 
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other designations remain the same as in formula (3). 
If the binomial model has an increasing number of the moments of realization, the result 
obtained from this model is close to the value of the real option derived from the Black-
Scholes model. 
Conclusions
Pro-ecological investments are often characterized by the following properties:
– in the initial phase of their implementation, significant financial outlays are incurred,
– in a longer time period they may affect the reduction of costs related to the functioning 
of the company. 
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other designations remain the same as in formula (3).
If the binomial model has an increasing number of the moments of realiza-
tion, the result obtained from this model is close to the value of the real option 
derived from the Black-Scholes model.
 Conclu ions 
Pro-ecological investm nts ar  often characterized by the following prop r-
ties: 
 ■ in the initial phase of their implementation, significant financial outlays 
are incurred, 
 ■ in a longer time period they may affect the reduction of costs related to 
the functioning of the company.
Traditional methods of the evaluation of investment projects (e.g., the Net 
Present Value method) may understate the value of some of the analysed en-
vironmental investment projects, because these methods do not consider the 
possibility of active management of the project. The company which has real 
options can create favourable conditions for themselves, and thus affect the en-
vironment. Real options analysis allows measurement of projects due to the se-
lected direction, the moment of realization and type of investment. In the case 
of real options, there is a possibility of a controlled increase of its value. Real 
options create a valuable picture of the generated flexibility. Therefore, the real 
options analysis method is particularly attractive in the evaluation of pro-eco-
logical investment projects.
However, in the case of real options, correct variable1 valuing2 and periodic 
verification is necessity. 
1 Which take a stand in model of pricing.
2 Are calculated with the use of the advanced simulation methods. 
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